Pneumococcal infection is one of the leading causes of death worldwide, especially in children of developing and underdeveloped countries. Capsular polysaccharide-based vaccines are available for the prevention of this disease. A 7-valent pneumococcal conjugate vaccine (PCV7) was licensed in 2000 for use in children less than two years of age. Subsequently, to broaden the protection, 10-valent (PCV10) and 13-valent (PCV13) vaccines were licensed in 2009 and 2010, respectively. All of these conjugate vaccines elicit an immune response that only provides protection against the infection of S. pneumoniae serotypes included in the formulation. Profiles of S. pneumoniae serotype distribution and serotype coverage for both PCV7 and PCV13 have been reported in some Asian countries/territories. But the published results cannot provide conclusive information due to the difference in studied population and geographic areas. The goals of this review are to obtain an accurate estimate of serotype coverage for PCV7, PCV10, and PCV13 and examine the change in the S. pneumoniae serotype distribution after PCV7 use among pediatric patients in East and Southeast Asia through the analysis of pooled data that were published in the English literature between 2000 and 2014.
Introduction
Streptococcus pneumoniae infection leads to many clinical manifestations including meningitis, septicemia, bacteremia, pneumonia, acute otitis media, and sinusitis. It has caused great mobility and mortality worldwide, especially in children. Pneumococcal infection annually has caused approximately 14.5 million cases of invasive pneumococcal disease (IPD) and 0.7-1 million deaths in children under five years old, mostly in developing and underdeveloped countries [1] . Recent data estimate that the incidence rate of pneumococcal disease among children in the Asia-Pacific region from 1999-2010 is 100-200 cases per 100,000 children younger than two years old [2] . The concerns of high mortality rate, rapid increase of antibiotic resistance in S. pneumoniae, and heavy burden on the health care and welfare systems have called for efficacious vaccines against pneumococcal infection.
At least 93 different serotypes of S. pneumoniae have been identified based on the cross-reactivity of antibodies against capsular polysaccharides. Though only a limited set of serotypes are frequently isolated from pneumococcal patients, the development of a universal capsular polysaccharide-based vaccine against all S. pneumoniae infection is hindered by the specificity of antibodies, the variations of prevalent serotypes among different geographic areas, and demographic populations. A 23-valent pneumococcal polysaccharide vaccine (PPSV23), which contained the capsular polysaccharide of obtained from blood, pleural fluid, cerebrospinal fluid, and joint fluid; the noninvasive isolates were from pharynx, middle ear fluid, sputum, eye, and purulent discharge. Specimens that were collected from adults, unspecified age groups or healthy children, or for studies that were focused on a particular characteristic of S. pneumoniae, such as antibiotic resistance, were excluded. The serotype information in all articles was compiled and organized according to the date of isolation before or after the use of PCV7 for each of the countries/territories. Data for the isolates whose date of isolation could not be determined were excluded. The Microsoft Office Excel program was used to organize and recalculate these data. Most studies reported their typing results in serotypes but some only differentiated their isolates at the serogroup level. To overcome this difference in calculation, the serotype distributions of the un-serotyped serogroups were estimated based on the assumption that their serotypes were distributed at the same ratio as those in other studies of the same country in which the serotypes had been determined. The serotype distribution was calculated by dividing the number of isolates for each serotype with the total number of isolates in each country and adjusted to percentage. The predominant serotype was defined as the serotype that had a distribution percentage greater than 5% of the total isolates. The vaccine serotype coverage was the sum of the percentages of all serotypes in the respective vaccine, PCV7, PCV10, or PCV13. In some studies, minor serotypes/groups were categorized as "others". Although the definition of "others" might be different among these studies, the distributions of "others" were small and had a negligible effect in the calculation of vaccine coverage.
Serotype Distribution and Pneumococcal Conjugate Vaccine Coverage
To reduce the bias in information caused by the difference in geographic areas and specimen numbers, this review focused on the countries/territories that had serotype information for more than 200 S. pneumoniae isolates and was published in at least two independent reports. Among 19 countries/territories in East and Southeast Asia, there were no reports from Brunei, Cambodia, East Timor, Macau, Mongolia, Myanmar, and North Korea; one from Indonesia (11 isolates), Laos (42 isolates), and the Philippines (57 isolates); and two from Malaysia (157 isolates) and Vietnam (137 isolates). Only seven countries/territories had met the selection criteria and were included in the analysis. They were China, Hong Kong, Japan, Singapore, South Korea, Taiwan, and Thailand. Table 1 lists the relevant information of individual studies on S. pneumoniae collected from pediatric patients in these seven countries/territories. The profiles of predominant serotypes and serotype coverage for PCV7, PCV10, and PCV13 in both the pre-and post-PCV7 periods are presented in Tables 2 and 3 respectively. The detailed serotype distribution of S. pneumoniae in these seven countries is shown in the supplementary data. 
China
Eleven studies on S. pneumoniae serotype distribution in pediatric patients were published between 2000 and 2014 [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Seven were conducted on the specimens collected before PCV7 was introduced into the market in 2008. Results of individual studies in the pre-PCV7 period showed a high degree of variations in vaccine serotype coverage, ranging from 57%-81% for PCV7 and from 79.6%-92.3% for PCV13, respectively. Pooled results showed that serotype coverage for PCV7 and PCV13 were 57.6% and 70.7%, respectively. There were five predominant serotypes, 19F, 23F, 6B, 19A, and 14, and four of them were covered in the PCV7 formulation. Five years after the introduction of PCV7, vaccine serotype coverage did not show a reduction but an increase. It was increased to 60.5% for PCV7 and 79.8% for PCV13, respectively. The change was mainly due to the increase of distribution in serotypes, 6B, 9V, 14, and 23F. The predominant serotypes remained the same but the order of prevalence changed in the post-PCV7 period. Serotype 19F was the most frequently isolated serotype in both the pre-and post-PCV7 periods. Serotype 19A was already prevalent in the pre-PCV7 period and its increase in distribution in the post-PCV7 period was the major contributor for the increase in PCV13 coverage. The distribution of serogroup 15, a non-PCV13 specific serotype, had increased to 5.6% and became prevalent in the post-PCV7 period. It was noted that PCV7 serotype coverage in the pre-PCV7 period was higher in the cities of eastern and southern China than in those in the north [28] . A similar phenomenon was also observed in the post-PCV7 period when comparing Beijing, Shenyang and Shenzhen, Suzhon [29] [30] [31] [32] . The difference in serotype distribution between northern and southern cities may contribute to the variations of PCV7 serotype coverage in the published reports and affect the effectiveness of the vaccine, if it is used. [35] . Five articles on S. pneumoniae serotype distribution were published between 2000 and 2014 [33] [34] [35] [36] [37] . Based on the dates of collection, four sets of data each could be extracted from these publications for the isolates in pre-and post-PCV7 periods, respectively. Comparison of the pooled data from these two periods has shown significant changes in serotype distribution and vaccine serotype coverage after the use of PCV7. The distribution of all PCV7 serotypes was reduced, except serotype 19F, which increased from 10.1%-16.6%. The most dramatic reduction was in the distribution of serotype 14. It was the most predominant serotype in the pre-PCV7 period, accounting for 34% of the total isolates, and its distribution decreased to 10% in the post-PCV7 period. This decline was a major contributor to the reduction in vaccine serotype coverage, from 89.2%-55.6% for PCV7, 89.2%-55.6% for PCV10, and from 91.3%-66.1% for PCV13, respectively. Other changes in the post-PCV7 period included the reduction in number of predominant serotypes from five to four and the increase in the distribution of both PCV13 specific serotypes, 6A and 19A, and non-PCV13 serotypes, especially the non-typable S. pneumoniae. No new predominant serotype has emerged in the post-PCV7 period. Unlike other Asian countries, 19A was not a predominant serotype in Hong Kong.
Hong Kong
PCV7 has been available in the market since October 2005 and included in the childhood immunization program since September 2009
Japan
Japan has well-established national surveillance networks that periodically monitor the serotype distribution and antibiotic resistance of S. pneumoniae collected from children with meningitis, acute otitis media, IPD, or respiratory tract disease. PCV7 was approved for voluntary use in March 2010 [44, 47] . The majority of published reports, including six nationwide surveillance and six individual studies, were conducted on the S. pneumoniae collected in the pre-PCV7 period [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . The PCV7 and PCV13 serotype coverage in these reports varied greatly, ranging between 20.0% and 81.3% for PCV7 and 30% and 100% for PCV13. Pooled results showed that five serotypes were predominant (>5%) and four of them were components of PCV7. PCV7 and PCV13 covered 68.6% and 83.5% of total isolates, respectively. Two studies were conducted on the isolates collected in the post-PCV7 period. Though the sample sizes were small, results of both studies showed a yearly decrease in PCV7 serotype coverage as the vaccination rate increased and the coverage dropped to 11.8% and 14.7%, respectively, at the end of each study [50, 51] . Combining all data in the post-PCV7 period showed that serotype coverage for PCV7 and PCV13 was 53.1% and 71.9%, respectively, and the isolation frequency of all predominant serotypes had reduced except 6B. Serotype 6B was the most frequent isolate in both pre-and post-PCV7 periods. The use of PCV7 also led to the increase of distribution of serotype 19A and non-PCV13 serotypes, such as 6C and 15A. Serotype 19A emerged as a new predominant serotype after the introduction of PCV7.
Singapore
PCV7 has been available for optional use since October 2005 and was incorporated into the national children's vaccination program in November 2009 [75] . Two studies that focused on the S. pneumoniae serotype distribution among pediatric patients in the pre-PCV7 period were reported between 2000 and 2014 [52, 53] . Pooled data showed that the predominant serotypes accounted for 84.1% of total isolates, with serotype 19F being the most frequent isolate at 31.1%. PCV7, PCV10, and PCV13 covered 85.7%, 86.1%, and 93.0% of isolates, respectively. No information on the S. pneumoniae serotype distribution in pediatric patients in the post-PCV7 period was available.
South Korea
PCV7 was licensed for optional use in South Korea in 2003, the first among all Asian countries. Six articles on the serotype distribution of S. pneumoniae among pediatric patients have been published and three sets of data could be extracted from these publications for the isolates collected in the pre-PCV7 period and nine in the post-PCV7 period [55] [56] [57] [58] [59] [60] . The PCV7 serotype coverage for the pre-PCV7 period in these reports ranged between 56.4% and 80.3%, and for the post-PCV7 period, between 16.5% and 62.3%, respectively. Pooled data of isolates in the pre-PCV7 period showed that seven serotypes were predominant (>5%) and five of them were components of PCV7. PCV7 serotype coverage was 64.5% and the majority of it came from the distribution of serotypes 23F and 19; each accounted for 21% of the total isolates. Seven years after the introduction of PCV7, serotype distribution became more diversified and serotype coverage for PCV7 dropped to 34.6%. Serotypes 9V and 14 were no longer predominant and 19A became the most prevalent serotype in the post-PCV7 period. The distribution of non-PCV13 serotypes increased to 38.3%, especially the non-typable S. pneumoniae, which accounted for 11.9% of the total isolates. The serotype coverage for PCV10 and PCV13 in pediatric patients in the post-PCV7 period was 35.5% and 61.7%, respectively. Both PCV10 and PCV13 were introduced for optional use in 2010. Their effects on the S. pneumoniae serotype distribution have not reported. It should be noted that the majority of S. pneumoniae strains in these studies were collected in Seoul and adjacent areas. The conclusion might not be applicable to the child population of the entire country.
Taiwan
PCV7 has been available in the market for optional use since 2005. A total of seven articles covering the serotype information of S. pneumonia from pediatric patients were published between 2000 and 2014 [61] [62] [63] [64] [65] [66] [67] . Two of them were for the isolates collected in the pre-PCV7 and three in the post-PCV7 period. Information for specimens collected in the transition period was not included in the analysis [64] . Pooled data of isolates in the pre-PCV7 period showed that all four predominant serotypes, 23F, 14, 19F, and 6B, were components of PCV7 and the serotype coverage for PCV7 was 87.1%. Seven years after the introduction of PCV7, the coverage was reduced to 54.1%, however the reduction in PCV7 serotype coverage had little effect on the serotype coverage of PCV13, which showed a slight change from 92%-89.5%. The decrease of PCV7 serotype distribution was compensated for by the increase of PCV13 specific serotypes, 19A and 3. Serotype 19A emerged as the most predominant serotype in the post-PCV7 period. The number of predominant serotypes increased from four to six after the use of PCV7.
Thailand
PCV7 has been available for optional use in Thailand since 2006. Seven articles on the serotype distribution of S. pneumoniae in pediatric patients have been published and four sets of data could be extracted from these publications for the isolates in the pre-PCV7 period and three sets for the post-PCV7 period [68] [69] [70] [71] [72] [73] [74] . Information for the isolates collected in the transition period was not included in the analysis [71, 72] . Pooled data showed that serotypes 6B, 23F, 19F, and 14 were predominant in both periods and the distribution of serotype 19A had increased and emerged as a new predominant serotype in the post-PCV7 period. The serotype coverage for PCV7, PCV10, and PCV13 in the pre-PCV7 period was 74.1%, 76.6%, and 81.8%, respectively. It showed little changes in the post-PCV7 period. This might be due to the low vaccination rate in the country [73] . It should be noted that the majority of studies were focused on PCV7 serotypes. The details of serotypes of non-PCV7 vaccine types, which have contributed 18% and 15% of the total isolates, respectively, in the pre-and post-PCV7 period, were not determined in the literature. Thus, the vaccine coverage for PCV10 and PCV13 might be underestimated.
Conclusions
Since PCV7 was licensed in the U.S. in 2000 it has been slowly introduced into countries/territories in East and Southeast Asia. Its impact on S. pneumoniae serotype distribution in these countries has been reported. But the difference in study methods has resulted in various conclusions. To avoid the bias in sample sizes, age, and health status of the studied population and to accurately evaluate the effect of PCV7 use, this review focused on the serotype distribution of seven countries/territories in East and Southeast Asia that had at least two independent reports and had information for more than 200 isolates collected from pediatric patients. Pooled data showed considerable differences in the S. pneumoniae serotype distribution and vaccine serotype coverage among these selected countries/territories. Not all but four of the PCV7 serotypes, 6B, 14, 19F, and 23F were predominant in all seven countries in the pre-PCV7 period. Serotype 9V was only predominant in South Korea and serotype 18C only in Hong Kong. Serotype 4 was not frequently isolated in all seven countries. The difference in the distribution of predominant serotypes among these countries was reflected in their vaccine serotype coverage. Before the introduction of PCV7, the serotype coverage for PCV7 in Hong Kong, Singapore, and Taiwan was greater than 80%; Japan, South Korea, and Thailand between 80% and 60%, and China below 60%. It is perceivable that efficacy of PCV7 in these countries would be varied and some would be lower than that in the United States and other countries that had 80% of vaccine serotype coverage in the pre-PCV7 period.
The data also showed a difference in the pattern of changes in vaccine serotype coverage and profile of predominant serotypes among these countries after the introduction of PCV7. The PCV7 serotype coverage was reduced 30% in South Korea and 32% in Taiwan after seven years of vaccine use, 34% in Hong Kong after five years, 6% in Thailand after four years, 16% in Japan after three years, and remained unchanged in China. Changes in the distribution of each PCV7 serotype after PCV7 use were varied among these countries/territories. The distribution of serotypes 14 and 23F isolates showed the most reduction in Taiwan (16.6% and 17.9%,), followed by South Korea (3.7% and 16%), Hong Kong (2.4% and 7%), and Japan (2.9% and 3.5%), respectively, but increased in China and Thailand. Serotype 19F had a moderate reduction in South Korea (8.6%), Japan (7.4%), China (4.4%), and Taiwan (3.4%), but increased in Hong Kong and Thailand. Serotype 6B had the least reduction among all PCV7 components. The change of predominant serotype profile after the introduction of PCV7 was also noticeable. Serotypes 6B, 19F, and 23F remained prevalent in all seven countries/territories. Serotype 18C was no longer prevalent in Hong Kong, nor serotype 6A in Japan, and serotypes 9V and 14 in South Korea. The use of PCV7 also led to an increase in the distribution of non-PCV7 serotypes which resulted in the emergence of new predominant serotypes in some countries, such as serotype 19A in Japan, Taiwan, and Thailand, serotype 3 in Taiwan, and serogroup 15 in China and Japan. Non-typable S. pneumoniae have become prevalent in the post-PCV7 period in Hong Kong and South Korea. It is not clear what factors contribute to the various changes in these countries after the use of PCV7. They may include the difference in vaccination rate, the use of antibiotics, the presence of antibiotic-resistant strains, immunogenicity of each conjugate in various populations, and the possibility of the presence of serotype variants in some countries that were different from the strain used in the vaccine preparation. Further analysis is required to elucidate how these factors interplay to determine the effect of vaccine use.
PCV is effective in protecting the infection of vaccine serotype and the vaccine serotype coverage could be used as a predictor for vaccine efficacy. PCV13 has been licensed to use as a replacement for PCV7. Its predicted efficacy in pediatric patients of these seven East and Southeast Asian countries/territories ranged between 90% and 62%. Based on the analysis of this report, the predicted PCV13 efficacy would further decrease as the PCV7 vaccination rate increased and serotype distribution showed greater variations. It may not be cost effective to use PCV13 for countries that have low predicted efficacy and low distribution of PCV13 specific serotypes. The major drawback of PCV is the need for periodical revision of vaccine formulation to include more serotypes to provide broader protection. However, selection of a serotype in the new version of PCV is a complicated process. Besides the need for updated information on serotype distribution, other factors are also considered, such as the immunogenicity of the new component, its interaction with other components of the vaccine, manufacturing difficulties, and results of clinical trials. The cost would be prohibitively high to manufacture a vaccine that includes the predominant serotypes of all regions, especially for developing and underdeveloped countries that have high morbidity and mortality in pediatric pneumococcal disease and lack of infrastructure to conduct national surveillance on S. pneumoniae serotype distribution. To overcome these limitations, the most effective approach would be to develop a capsular polysaccharide independent vaccine. Progress has been made on alternative vaccine candidates, such as pneumococcal proteins, recombinant organisms expressing pneumococcal proteins, and attenuated or killed pneumococcal cells. This new generation of pneumococcal vaccine may provide universal protection against infection for all serotypes of S. pneumoniae.
